Purpose This study was conducted in order to characterize the prevalence of falls and functional impairments (FIs) and their association with chemotherapy-induced peripheral neuropathy (CIPN) in cancer survivors. Methods We analyzed baseline assessments from a phase III RCT in cancer survivors with self-reported CIPN scores of >4 out of 10. Patients completed the EORTC QLQ-CIPN-20 for neuropathy and reported falls in the previous 3 months. FIs were defined using the Activities of Daily Living subsection of the Vulnerable Elder's Scale. Associations of baseline characteristics and CIPN with falls and FIs were examined using logistic regression. Results Of 421 patients, 11.9 % experienced recent falls and 26.6 % reported FIs. Motor neuropathy was the only factor associated with falls (OR=1.127, p=0.01). Factors associated with FIs included non-white race (OR=0.335 white relative to non-white, 0.781, p=0.01) and greater motor neuropathy scores (OR=1.262, p<0.0001). Conclusion CIPN, primarily motor, is associated with falls and FIs. Future prospective research should investigate the ability of motor neuropathy severity to predict falls.
Introduction
Chemotherapy-induced peripheral neuropathy (CIPN) occurs in as many as 70 % of patients treated with taxanes, vinca alkaloids, or platinum agents [1] . In a poorly defined subset of these patients, CIPN persists even after the completion of chemotherapy. Peripheral neuropathy causes impaired sensory and motor function. Sensory symptoms include tingling, numbness, increased sensitivity to heat and cold, and pain in the hands and feet. Motor dysfunction includes symptoms of muscle weakness and impaired balance [1] [2] [3] [4] [5] . Although the incidence, severity, and pattern of Electronic supplementary material The online version of this article (doi:10.1007/s00520-013-1766-y) contains supplementary material, which is available to authorized users.
CIPN have been investigated during chemotherapy, the relationships between CIPN and falls or functional capacity are less well characterized. One study in a small number of patients receiving chemotherapy found that 20 % of patients with CIPN fell recently [6] . The prevalence of falls in larger samples of patients with CIPN and the association of CIPN with falls are unknown.
Evidence suggests that the prevalence of falls and functional impairment is higher for cancer patients than their age-matched counterparts [7] [8] [9] . The few studies that have assessed falls in cancer patients report yearly rates that are up to two times higher than in persons of similar ages without cancer [10] [11] [12] . One such study recently published by Stone et al. [13] followed advanced cancer patients prospectively for 6 months. They found that 50.3 % of the patients fell during the follow-up period. Over one third of the falls resulted in soft tissue injuries, and 3.2 % resulted in fractures, further demonstrating the debilitating effect of falls on an at-risk population. The aforementioned studies investigated the prevalence of falls and functional impairment in cancer patients aged 65 and over. Little information regarding these issues, especially falls, is available for a more age diverse group of cancer patients. Almost nothing is known about the association between CIPN that persists beyond the completion of chemotherapy with falls or function in both younger and older cancer survivors with CIPN.
We conducted a secondary analysis of baseline data collected during a clinical trial executed by the University of Rochester Cancer Center Community Clinical Oncology program (CCOP). The study was designed to test the efficacy of a topical analgesic compound on CIPN in patients who had completed chemotherapy. The objectives of this study were to determine the prevalence of falls and functional impairments in cancer survivors with CIPN and to examine whether sensory and/or motor CIPN are independently associated with falls and/or functional impairment.
Patients and methods

Data source and sample
The data for this secondary analysis were obtained from a double-blind, placebo-controlled, randomized clinical trial testing an analgesic cream in patients with CIPN. This study was led by the University of Rochester CCOP and was approved by the University of Rochester IRB and the IRBs of all participating CCOP sites. All patients provided their informed consent prior to their inclusion into the study. Participants included patients who reported persistent chemotherapy-induced peripheral neuropathy. Patients were eligible to enter the trial if their average rating of "pain, numbness, or tingling in your hands and feet over the past 24 hours" for the 7 days prior to randomization was >4 on an 11-point rating scale ranging from 0 (not at all) to 10 (as bad as you can imagine). Patients were recruited at 23 community oncology sites of the URCC CCOP research base. All patients had completed chemotherapy at least 1 month prior to enrollment in the study, had been on stable doses of pain medication for at least 2 weeks prior to beginning the study, and had no clinical history of peripheral neuropathy from other conditions. The enrolling physicians obtained an extensive medical history and performed a medical exam to identify neuropathy from sources other than chemotherapy. This included testing for diabetes and asking detailed questions about alcohol use and HIV. The inclusion criteria were designed specifically so that physicians enrolled patients who had chemotherapy-induced neuropathy and who did not have any other clinical reasons for neuropathy.
Study variables
All outcomes used for this analysis were obtained from baseline data collected before patients were randomized to intervention or placebo. Patients were asked to report a history of recent falls (within 3 months of randomization). Patients were grouped dichotomously as those who did and did not experience a fall. Deficits in functional capacity were assessed using the Vulnerable Elders Survey (VES) [14] . Questions utilized in the VES to identify functional impairment in this study were selected from the full panel Activity of Daily Living and Instrumental Activity of Daily Living questions that had the most predictive value for future disability and mortality. The VES was derived from the Medicare Current Beneficiary Survey to create a screening tool to identify patients at highest risk for future adverse outcomes. The VES has also been utilized to identify cancer patients with disability who are at risk of adverse outcomes. The VES was chosen for this study for its brevity and predictive value [14] [15] [16] . A subsection of the VES assesses functional impairment using a series of "yes or no" questions that ask whether as a result of their health, patients are unable to perform, or need help with, daily living activities (shopping for personal items, managing money, walking across the room, doing light housework, and bathing). Items of the physical activities subsection of the VES such as ability to crouch or kneel, lift objects, or reach above shoulder level were not considered for this analysis. If a patient reported he/she was unable to perform or needed assistance with any of the listed activities because of underlying health issues, he/she was considered to have a functional impairment.
The severity of sensory and motor neuropathy was assessed with the EORTC QLQ-CIPN20 [17] . Briefly, this measure asks patients to rate the severity of symptoms related to sensory or motor neuropathy. Answers include not at all (1), a little (2), quite a bit (3), or very much (4). The sensory neuropathy subscale includes the cumulative score for nine questions that assess sensory toxicities, with total scores ranging from 0 to 36. The motor neuropathy subscale includes the cumulative score for seven questions, with total scores ranging from 0 to 28. The sensory neuropathy subscale includes questions about tingling, numbness, and burning pain in the hands and toes or feet and problems standing or walking because of an inability to feel the ground beneath one's feet. The motor subscale asks questions about cramps in the hands and feet, difficulty holding a pen, difficulty manipulating small objects, difficulty opening a jar or bottle because of weakness in one's hands, difficulty walking because one's feet dropped downwards, and difficulty climbing stairs or getting out of a chair because of weakness in one's legs. The EORTC QLQ-CIPN 20 was shown in pretesting to have internal reliability with Cronbach's alpha scores of 0.82 and 0.73 for the sensory and motor neuropathy subscores, respectively [17] . Cavaletti et al. [18] found the test-retest reliability of the EORTC QLQ-CIPN20 to be adequate in a sample of 272 patients with CIPN (r=0.836 and 0.844 for the sensory and motor subscores, respectively). They also found that similar to the objective, clinical evaluation NCI-CTC CIPN assessment measures, the EORTC QLQ-CIPN20 detected higher incidences of sensory neuropathy than motor neuropathy in the sample. However, they did not report correlations between the objective and self-report measures [18] . The EORTC QLQ-CIPN20 was the primary outcome in a phase III randomized, placebo-controlled trial investigating a topical intervention for CIPN [19] .
In a brief interview, study coordinators obtained background information from the patients. Characteristics such as age, race, ethnicity, and cancer and cancer treatment history were obtained. Cancer and cancer treatment history were also verified with the medical record.
Statistical analysis
The goal of our analysis was to determine the prevalence of having a fall or functional impairment in patients with persistent CIPN after chemotherapy. Further, we assessed the association of CIPN (sensory and motor) with these two clinical outcomes. Statistical significance was assessed at the 5 % significance level. No adjustments for multiple comparisons were performed.
Baseline differences in demographics, cancer and chemotherapy history, and neuropathy between groups of patients who had or had not reported any falls were evaluated using χ 2 tests for categorical variables and t tests for continuous variables. Separate logistic regression models were used to determine the association of the severity of sensory and motor neuropathy with each clinical outcome. These clinical outcomes included the following dichotomous variables: any fall and any functional impairment. The independent variables were selected either because they are clinically relevant demographics and characteristics or because they are clinical characteristics that are associated with falling. Breast or alimentary cancer history was included due to the high prevalence of these subgroups in the overall sample (40 % breast and 27 % alimentary). Further, these cancers are most often treated with taxane (breast) and platinum (alimentary) therapies, which could help generate hypotheses as to whether certain types of chemotherapy are more frequently associated with falls. Variable selection was not performed to ensure no bias in significance levels.
Each model controlled for age, gender, race, marital status, educational level, previous surgery or radiation therapy, cancer type (breast vs. alimentary vs. other). Adjusted odds ratios and their 95 % confidence intervals (95 % CIs) were reported to indicate the association of each variable with the likelihood of the outcome, controlling for the effects of all other variables in each model. Individual EORTC QLQ-CIPN20 motor neuropathy items were dichotomized into low (subjects reporting "not at all" or "a little") or high (subjects reporting "quite a bit" or "very much") levels of each symptom. Each item was compared between fallers and nonfallers and those with and without any functional impairment using χ 2 tests. Bonferroni correction for seven motor items and two outcomes was used, setting the p value for significance at p=0.0036 (0.05/14). All analyses were performed in JMP 10.
Results
Four hundred seventy-one subjects with average CIPN scores >4 were included in the study. Patients were predominantly female (71 %) and most had a history of breast (40 %) or alimentary (27 %) cancers. They were on average 60 years of age (range 28-86 years). Figure 1 depicts the prevalence of falls and impairments in functional capacity items. Twelve percent (n=51) of subjects reported having had a fall in the 3-month period prior to enrolling in the study. Twenty-seven percent (n =113) of participants reported any impairment in functional capacity. Difficulty shopping (17 %, n=69) and doing light household tasks required to live in the home independently (17 %, n=71) were the most prevalent issues reported in terms of functional capacity. Table 1 lists the demographic and clinical characteristics of the groups who did and did not report a fall prior to randomization. The elapsed time between completion of chemotherapy and assessment was similar for fallers and nonfallers (21.7 vs. 14.7 months, p=0.127). Subjects who reported a fall were less likely to have had breast cancer (27. Logistic regressions were used to evaluate the associations between sensory and motor neuropathy with the two outcomes (falls and any functional impairment). After adjustment for demographic and cancer characteristics, more severe motor neuropathy was the only variable significantly associated with reported falls (OR = 1.127, 95 % CI= 1.029-1.238, p=0.01) (AUC for ROC=0.725) ( Table 2 ). Variables significantly associated with any functional impairment included non-white race (OR =0.335 white relative to non-white, 95 % CI=0.143-0.781, p=0.01) and greater motor neuropathy scores (OR=1.262, 95 % CI=1.166-1.375, p<0.0001) (AUC for ROC=0.813) (Table 3) . Hence, motor neuropathy was associated with both clinical outcomes. Sensory neuropathy was no longer significantly associated with falls or functional losses after adjustment for clinical and demographic factors.
The functional impairment subsection of the VES asks if patients have difficulty walking across the room. The motor subscale of the EORTC QLQ-CIPN20 asks, "did you have difficulty walking because your feet dropped downwards?" To ensure that the association between reporting any functional impairment and motor neuropathy score was not enhanced because both surveys ask about walking ability, a sensitivity analysis was performed in which the logistic regressions presented in Table 3 were repeated with a new functional impairment outcome that required patients to report having difficulty with at least one of the functions assessed other than walking across the room. Motor neuropathy scores were still significantly associated with functional impairment when the analysis was modified (p<0.0001).
In order to identify items of the EORTC QLQ-CIPN20 that are most closely associated with falling, differences in the individual EORTC QLQ-CIPN20 items from the motor subscale between fallers and nonfallers were assessed (Supplemental Table 1 ). Fallers more often reported high "difficulty holding a pen, which made writing difficult" (p = 0.0005) and "difficulty walking because your feet dropped downwards" (p=0.0017) than nonfallers. These analyses were repeated to compare those with and without any functional impairment. Those with any functional impairment more often reported high "cramps in your hands" (p=0.0017), "difficulty holding a pen, which made writing difficult" (p<0.0001), "difficulty manipulating small objects with your fingers (for example buttoning small buttons)" (p=0.0006), "difficulty opening a jar or bottle because of weakness in your hands" (p<0.0001), "difficulty walking because your feet dropped downwards" (p<0.0001), and "difficulty walking up stairs or getting out of a chair because of weakness in your legs" (p<0.0001).
Discussion
Approximately 12 % of cancer survivors enrolled in a multicenter clinical trial for persistent CIPN reported falling during the 3 months prior to enrollment in the trial. More than a quarter had a functional impairment. Our analyses demonstrate that motor neuropathy scores (i.e., patientreported perceived muscle weakness) had the strongest association with falls and functional impairment. To our knowledge, this is the first study that examines prevalence of falls in cancer survivors with CIPN and the associations of neuropathy with falls and functional impairment. Our results also identify an association between non-white race and functional impairments in this cohort of cancer survivors. Although non-white race is known to be associated with functional impairments in older adults [20, 21] , our study highlights this disparity in a cohort of younger adults as well. Further research should investigate the disparities in functional impairments based on race and ethnicity among cancer patients and evaluate whether these disparities are enhanced by a cancer diagnosis.
Between 2004 and 2008, 54 % of newly diagnosed cancer patients in the USA were over the age of 65, and this number is projected to increase to 70 % by 2030 [22, 23] . Increased age is associated with decreased ability to perform daily activities and increased risk of falling [7] [8] [9] . In the elderly population, a fall can have devastating consequences. Between 28 and 35 % of adults over age 65 are estimated to fall each year. Forty percent to 60 % of falls experienced by elderly persons cause injury, of which 5 % are serious nonfractures and 5 % are fractures [11, 24] . In addition to physical injury, people who experience a fall often become afraid of falling again, which can be psychologically detrimental and lead to an increased risk of falling due to physical decline from lack of activity [25] . In 2009, B a t h i n g S h o p p i n g M a n a g e m o n e y % prevalence Fig. 1 Prevalence of falls and impairments in functional capacity items 2.2 million nonfatal fall injuries were treated in emergency departments, and approximately 26 % of these patients were hospitalized. In 2000, direct medical costs for treating falls totaled over $19 billion [26] .
Although falls are common in older adults, very little research has investigated fall prevalence or predictors in cancer patients. Bylow et al. [10] reported that 34 % of older prostate cancer patients (mean age=78) undergoing androgen deprivation therapy experienced a fall over a 6-month observation period. These patients also had significant physical performance problems as measured objectively by gait speed, balance, and strength. Stone et al. [13] reported that 50.3 % of advanced cancer patients reported a fall during a 6-month prospective study. A primary diagnosis of brain cancer or brain metastases, the number of falls in the 3 months prior to enrollment in the study, severity of depression, and daily benzodiazepine dose were identified as predictors of time to fall in a multivariate model. These cancer cohorts exhibited approximately twice the annual rate of fallers (51 % [10] and 75 % [13] ) as the average rate reported for the general population over age 65 (28-35 % annually) [11] . A nationally representative population-based study of older Medicare beneficiaries found that over one out of five cancer survivors reported recent falls; the prevalence of falls in cancer survivors was higher than in an agematched cohort without cancer [7] .
In a recent small study, 19 % of cancer patients receiving either taxanes or platinum agents experienced at least one fall during chemotherapy [6] . Falls were associated with increased chemotherapy cycle number, neuropathic symptoms, and muscle weakness, as well as loss of balance. These results are consistent with a study that reported diminished physical function, including muscle weakness and loss of balance, was predictive of falls in osteoporotic elderly men [27] .
Ours is the first study to investigate the prevalence of falls in cancer survivors with persistent chemotherapy-induced peripheral neuropathy. Assuming that the rate of falls is consistent over a 1-year period, the extrapolated annual prevalence of falls is 40 %, accounting for the percent of patients who remain at risk in each quarter. Although the mean age of these cancer survivors was only 60 years old, this falls prevalence is between 14 and 40 % greater than the annual falls prevalence reported for healthy adults above 65 years of age [11] . Our study shows that falls are an issue not only for older patients, but also for younger patients who develop neuropathy due to chemotherapy. Further, this is the first study to investigate the relationship between neuropathy and falls. We demonstrate that motor neuropathy is the neuropathy symptom most closely associated with falls and functional limitations, which were common in this sample.
Previous studies have identified associations between peripheral neuropathy symptoms and falls or functional impairment in HIV [28] , diabetic neuropathy [29] , axonal peripheral polyneuropathy [30] , and CIPN patients on active treatment [6] . All of these studies defined peripheral neuropathy with general measures, and none of them specifically compared associations between falls and functional impairment with sensory vs. motor neuropathy symptoms. To our knowledge, only one study has investigated associations between falls and sensory and motor neuropathy specifically. Oka et al. [31] found that only deep sensory loss was associated with falls and not muscle weakness. However, the body of this article is only available in Japanese and the abstract does not provide enough information about patient population or methods to compare it to our study. Our study is the first to provide evidence that motor neuropathy symptoms like weakness in the legs and feet dropping downwards are more closely associated with falling than sensory symptoms. Our data suggest that motor neuropathy symptoms may contribute to falls more than sensory neuropathy symptoms. Alternatively, motor neuropathy could be more closely associated with falls because individuals with motor neuropathy often have more severe neuropathy in general. If this hypothesis holds true in future prospective research, severity of motor neuropathy could become an important clinically relevant variable that could help providers identify those cancer survivors who were at greatest risk for falls and help maximize the utility of falls prevention resources.
In an attempt to identify specific factors associated with falls and functional impairment, a more detailed exploration of associations between individual EORTC QLQ-CIPN20 motor neuropathy items and falling or functional impairment was performed. Six out of seven motor neuropathy items were significantly associated with function. Thus, use of the composite EORTC QLQ-CIPN20 motor score is likely the most informative option when investigating associations with functional impairment. On the contrary only two items ("difficulty holding a pen, which made writing difficult" and "difficulty walking because your feet dropped downwards") were significantly different between fallers and nonfallers. This suggests that these two items may be particularly predictive of falling. The associations between the individual motor items and fall status should be investigated in a larger sample of fallers.
The cross-sectional design of our study limits the interpretation of the results, and causality cannot be determined. For example, subjects who have fallen or have physical limitations may perceive higher levels of motor neuropathy symptoms such as weakness in the legs. Another limitation of this study is that the neuropathy symptoms were assessed using a self-report measure [17] . However, Cavaletti et al. [18] reported consistency between the NCI-CTC sensory and motor neuropathy clinical assessment tools, the EORTC QLQ-CIPN20 in a cohort of CIPN patients. Further, the VES does not capture all aspects of function or activities of daily living and is a limitation. However, it was shown to be highly correlated with functional capacity in older individuals [32] and, thus, is still useful for this hypothesis generating research. The population evaluated in this study was a self-selected group of clinical trial participants who had fairly severe neuropathy symptoms. This limits the generalizability of the results to the general cancer survivor population. Future studies should evaluate the ability of motor neuropathy symptoms to predict falls in a general population of cancer survivors.
Identifying possible relationships between chemotherapy type and dose with falls or functional impairment would be clinically beneficial for risk assessment. Chemotherapy-induced sensory neuropathy is more common than chemotherapy-induced motor neuropathy. Platinum agents cause primarily sensory neuropathy, with the exception of muscle contractions that are triggered or enhanced by extreme cold and occur mostly during active treatment [33] . Taxanes and vinca alkaloids cause sensory and motor neuropathy symptoms, most commonly muscle weakness [4] . Our data suggest that cancer survivors who were most likely to have received taxanes (i.e., breast cancer survivors) were more likely to experience a fall or have functional impairments. Alimentary cancer patients with neuropathy, who likely received oxaliplatin, were no more likely to report falls or functional impairment. Unfortunately, one limitation of our study is that we do not have detailed chemotherapy histories and thus cannot test this hypothesis directly. Future studies should collect specific chemotherapy dosing information and investigate relationships between regimens and falls or functional impairment in cancer survivors.
Despite these limitations, this work indicates that persistent motor neuropathy may have detrimental functional consequences, including increased risk of falls. Although this work must be verified in future prospective studies, clinicians should consider screening for motor neuropathy as part of overall assessments used to devise an intervention plan to prevent falls. Identifying the risk factors that increase falls in high-risk cancer populations could lead to better preventive care and, in turn, decreased injury, hospital stays, and costs associated with falls in the growing population of cancer survivors.
